The effects of 2,2'-O-cyclocytidine (CC) and acyclovir (ACV) on latent herpes simplex virus (HSV) in trigeminal ganglia were studied in an in vitro model using reactivation of HSV type 1 (HSV-1) as a model. It was shown that both CC (10 ,ug/ml) and ACV (2.5 ,ug/ml) significantly inhibited the reactivation of the latent HSV-1 in infected ganglia. The effect of CC (25 jLg/ml), which was as good as that of ACV (10 ,ug/ml), did not last as long as that of ACV after removal of the drugs. The latent state of HSV-1 in vitro was dependent on the continuous presence of either drug. Even though the latent HSV-1 could not be eliminated completely from the trigeminal ganglia by discontinuous administration of either drug, its titers were markedly reduced. The combination of CC and ACV had a synergistic effect on preventing the reactivation of the latent HSV-1 in vitro.
The effects of 2,2'-O-cyclocytidine (CC) and acyclovir (ACV) on latent herpes simplex virus (HSV) in trigeminal ganglia were studied in an in vitro model using reactivation of HSV type 1 (HSV-1) as a model. It was shown that both CC (10 ,ug/ml) and ACV (2.5 ,ug/ml) significantly inhibited the reactivation of the latent HSV-1 in infected ganglia. The effect of CC (25 jLg/ml), which was as good as that of ACV (10 ,ug/ml), did not last as long as that of ACV after removal of the drugs. The latent state of HSV-1 in vitro was dependent on the continuous presence of either drug. Even though the latent HSV-1 could not be eliminated completely from the trigeminal ganglia by discontinuous administration of either drug, its titers were markedly reduced. The combination of CC and ACV had a synergistic effect on preventing the reactivation of the latent HSV-1 in vitro.
Latently infected ganglia have been thought to be the source of virus for recurrent herpetic diseases in humans (8) . At present, antiviral chemotherapy is generally recognized as the most promising way to eliminate or control latent herpes simplex virus (HSV) infection of ganglia. Unfortunately, although the prophylactic administration of the available drugs can prevent the establishment of latent HSV infection, there is no drug that has any effect on already established latent HSV infection (2, 7, 10, 11, 13) . The efficacy of acyclovir (ACV) in preventing the in vitro reactivation of latent HSV has already been confirmed (6, 7, 9) , but so far nothing has been reported about the effectiveness of 2,2'-O-cyclocytidine (CC), which has been used in the People's Republic of China for the treatment of HSV ocular diseases for more than 10 years and which has an antiviral effect that has been confirmed in different types of HSV keratitis (3) . In this study we investigated the effects of CC and ACV on latent HSV infection in trigeminal ganglia (TG) in combination or singly, and made a preliminary exploration of the possibility of eliminating or controlling latent HSV infection by discontinuous treatment with CC and ACV. Drugs. CC and 9-(2-hydroxyethoxymethyl)guanine (ACV) used in this study were supplied by the Shanghai No. 12 Pharmaceutical Factory and the Hubei Institute of Medicine Industry, respectively. One percent of CC solution and ACV suspension were prepared and stored at -10°C until used.
Inoculation of HSV-1. The scarified eyes of mice were inoculated with a 10-,ul suspension of HSV-1 (103 5 TCID50/ml, i.e., 10 times the 50% lethal dose), as described previously (10) .
Determination of virus titer in TG. At 3 to 8 weeks after the * Corresponding author.
mice were inoculated with HSV-1, they were killed, and the TG were removed and placed in explant cultures in the absence or presence of drug. At various time intervals the TG were washed and homogenized. The titer of the reactivated virus in the homogenates was determined by a TCID50 assay in Vero cells. RESULTS Effect of CC and ACV on in vitro reactivation of latent HSV-1 in TG. The concentrations of CC and ACV used were 5, 10, 25, and 50 ,ug/ml and 1, 2.5, 5, and 10 jig/ml, respectively. The TG were randomly divided into groups of 12 and incubated in medium containing different concentrations of either CC and ACV for 4 days. Virus titers were determined immediately after the drugs were removed. The TG controls cultured in drug-free medium and cells were done under the same conditions.
The results ( Fig. 1) showed that 10 ,ug of CC per ml and 2.5 ,ug of ACV per ml significantly inhibited the in vitro reactivation of latent HSV-1 in TG. The greatest inhibitory effects were obtained with 25 ptg of CC per ml and 10 ,ug of ACV per ml. In both doses, the virus titers were 3 log TCID50 lower than those of the controls.
Duration of the effects of CC and ACV on the inhibition of the in vitro reactivation of latent HSV-1. The TG were randomly divided into groups of six and put into the medium containing CC (25 ,ug/ml) or ACV (10 ,ug/ml) and incubated for 4 days. At that time the TG were placed into fresh drug-free medium and incubated for another 1 to 4 days. The virus titers were determined, and the results are presented in with CC and ACV, the virus titers were 1005 and 1010 TCID50 and 3 and 2.5 log TCID50 lower than those of the ACY ,ag/ml controls, respectively (P < 0.001) ( Table 2) . Lch point represents the mean titer ± standard deviation ,ug/ml) and ACV (1 ,ug/ml) that exerted a threshold effect on viral growth (Fig. 1) were used. TG cuitured in drugcontaining medium for 4 days and virus titers were determined immediately after removal of the drug.
lays 0, 1, and 2. On day 4, the virus titer was not The results (Table 3) show that the virus titer in TG From that of the controls (P > 0.05), which suggests cultured in drug-containing medium was 102 0 TCID50, or effect of ACV on the reactivation of latent HSV 2.76 log TCID50 lower than that of the controls (P < 0.001). maintained for 3 days after removal of the drug.
This effect approximated that of 25 ,ug of CC per ml or 10 p.g if CC and ACV on the reactivated ganglionic HSV-1 of ACV per ml alone. CC (5 ,ug/ml) or ACV (1 p,g /ml) no initiate active replication of latent HSV, TG were administrated alone, however, had no effect on the reactivain drug-free medium for 3 days and then recultured tion of HSV-1. This suggests that the combination of CC and m containing 25 ,ug of CC per ml or 10 ,ug of ACV ACV has a synergistic effect on the in vitro reactivation of d cultured for an additional 4 days. At that time the latent HSV-1 in TG (Table 3) .
TG were washed three times with fresh drug-free medium and incubated in drug-free medium. The virus titers were determined on days 0, 1, and 2 after removal of the drug. The results of this experiment demonstrate that the virus DISCUSSION In this study we investigated the effects of CC and ACV on latently infected TG of mice maintained in explant culture. Corneas of mice were infected with HSV-1. At 3 to 8 weeks after inoculation, the virus entered a latent state. The TG of mice that survived were removed for explant culture. The positive rate of isolation of virus from TG was about 80%. The isolated virus was identified as the SM44 strain of HSV-1 by using HSV characteristic antiserum.
Our results (Fig. 1) show that CC and ACV can effectively prevent the in vitro reactivation of latent HSV-1. The greatest effect was obtained with 10 pug of ACV per ml, which was similar to the results of 5 to 10 pug/ml obtained by others (7) . The effect of 25 ,ug of CC per ml was equivalent to that of 10 ,ug of ACV per ml. However, after removal of the drug, the effect of CC did not last as long as that of ACV, as the inhibitory effect of ACV could be maintained for 3 days, whereas CC was effective only for 1 day.
The latent HSV-1 were not completely eliminated by treatment with reactivated virus, but its titer was greatly reduced. The generally accepted explanation is that the reactivation of all latent HSV-1 is not a simultaneous process in vitro (10) . This could leave at least part of the total viral reservoir to serve as the source for future infectious virus once the drug is removed from the medium. The exact state of the viral genome during latency is not yet known. It is clear that a rational approach to therapy of latent HSV-1 infection cannot be made until this question is resolved, Pavan-Langston et al. (10) and Kaufman et al. (5) have suggested that the frequent switching of an explant culture of latently infected ganglia from drug-free to drug-containing medium leads to a significant decrease in the proportion of ganglia containing virus that can be reactivated and that the recurrence of herpetic eye diseases is prevented or controlled in the subclinical state. However, the results presented in Table 3 show that after a three-cycle treatment, in which TG were alternately cultured in the presence and absence of drug, the virus titer was not reduced to zero.
The combination of drugs often has been used in the treatment of HSV-1 infection. This procedure may increase the effect of each drug and reduce the toxicity and the incidence of resistant strains. Results of experiments by Janz and Wigand (4) and Varnell et al. (12) confirm that the combination of antiviral drugs show additive or synergistic effects in varying degrees in vitro and in animals. The effect of the CC-ACV combination has not been previously studied. The initial results (Table 3) show that the combination of CC-ACV may have a synergistic effect in vitro. It is known that the mechanism of activity of CC is different from that of ACV (1), although both results in the inhibition of DNA synthesis. Since ACV is phosphorylated by a virus-specific thymidine kinase, it has a high degree of selectivity. It also possesses low toxicity. However, its clinical use is greatly limited because of its poor water solubility. Although CC will inhibit both viral and host DNA synthesis, it is readily soluble in water and has no cross-resistance with IDU and PAA (1) . The combination of CC-ACV might prove to be a good therapy.
